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ABSTRACT

Background and Objectives: Materials utilized for the
repair of hernias fall into 2 broad categories, synthetics
and biologics. Each has its merits and drawbacks. The
synthetics have a permanent, inherent strength but are
associated with some incidence of chronic pain. The bio-
logics rely on variable tissue regeneration to give strength
to the repair, limiting their use to specific situations. How-
ever, thanks to their transient presence and tissue in-
growth, the biologics do not result in a significant inci-
dence of chronic pain. We studied the use of a biomimetic
(REVIVE, Biomerix Corporation, Fremont, CA) in this set-
ting in an attempt to obviate the disadvantages of each
material.

Methods: Fourteen patients underwent laparoscopic re-
pair by totally extraperitoneal and transabdominal pre-
peritoneal techniques of 16 inguinal hernias. Follow-up
was as long as 19 mo, and 8 patients were followed for �
12 mo. There were no recurrences and a 5% incidence of
functionally insignificant discomfort.

Results: REVIVE is shown in histology and in vivo to
demonstrate regeneration and tissue ingrowth into the
polycarbonate/polyuria matrix similar to that in the bio-
logics rather than scarring or encapsulation. There were
no recurrences, indicating its strength and resilience as a
permanent repair similar to that in the synthetics.

Conclusion: This is proof of the concept that a biomi-
metic may bridge the gap between the biologics and
synthetics and may be able to be utilized on a regular
basis with the benefits of both materials and without their
drawbacks.

Key Words: Revive, biomimetic, synthetics, biologics,
hernia.

INTRODUCTION

The repair of an inguinal hernia is the most commonly
performed abdominal general surgery procedure.1 Over
time, many aspects of the surgical technique to repair
inguinal hernias have evolved, namely the approach and
type of mesh material used to reinforce the repair. Surgical
technique has progressed from a primary repair with su-
tures to the tension-free Lichtenstein repair. In recent
years, laparoscopic surgery has emerged as a viable ap-
proach, further advancing the treatment of inguinal her-
nia. Today, the types of mesh material available to sur-
geons are numerous, with offerings ranging from
synthetics like polypropylene or polyester to biologics
derived from human and animal tissue. While the type of
mesh material has evolved, there is no gold standard, and
the best mesh material for use in the repair of an inguinal
hernia remains a source of debate amongst surgeons.

Central to a physician’s decision as to which mesh mate-
rial to use is the consideration given to limiting chronic
pain. The incidence of chronic pain in inguinal hernia
repairs, a clinical outcome across all types of surgical
approaches, ranges from 10% to 15%.2 It is believed that
the type of mesh material used to reinforce an inguinal
hernia repair plays a role in chronic pain.

Materials used in the repair of hernias fall into 2 broad
categories, synthetics and biologics, each with its own
advantages and disadvantages. Synthetics have a perma-
nent degree of inherent strength but are believed to cause
more chronic pain that results from the formation of scar
plate and unorganized tissue healing response.3,4 Physi-
cians looking for a more natural healing solution that is
not a permanent implant have moved toward the use of
biologics, in favor of a remodeling biomaterial that leaves
the patient essentially de novo. Biologics facilitate a more
natural pattern of host tissue infiltration. However, their
use is limited, because they are costly, they have an
inherent inability to bridge defects, and in some instances
they may cause eventration and reherniation.5 Despite
biologics’ promise to restore the body’s natural structure,
the failure of these materials to provide a reliable repair
across all types of hernias (i.e., direct and bridging repairs
of ventral hernias) has prompted some surgeons to sug-
gest that with improvements in tissue engineering, mate-
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rials can be developed to eliminate these deficiencies,
resulting in biomaterials that will become the standard of
care in hernia repairs 10 y from now.6

This study evaluates REVIVE (Biomerix Corporation, Fre-
mont, CA) surgical mesh, which consists of a novel bio-
material that combines the favorable properties of a bio-
logic to support robust tissue ingrowth with the durability
of a synthetic. The permanent structure of the mesh allows
it to bridge defects, creating a strong mechanical repair,
while its unique microarchitecture supports tissue in-
growth and formation (Figure 1).

METHODS

In a single-arm evaluation study for the repair of inguinal
hernias, 14 patients underwent laparoscopic repair with
REVIVE. A total of 16 inguinal hernias were treated across
the 14 patients.

The only criterion for inclusion was the patient’s suitability
to undergo a laparoscopic inguinal hernia repair under
general anesthesia. All procedures were elective and were
performed with general anesthesia at an outpatient sur-
gery center. Patients were informed of the intended use of
an FDA-approved mesh, as well as the relative merits of
the various materials that could be used. A preoperative
antibiotic was administered to each patient: 2g of Ancef,
or if the patient was allergic to penicillin, 900 mg of
clindamycin. Repairs were accomplished laparoscopically
using either a totally extraperitoneal or a transabdominal
preperitoneal approach. A preshaped section of REVIVE
mesh was placed from the midline of the pubis to the iliac

crest. REVIVE is composed of a lightweight polypropylene
mesh with 2 thin layers of a proprietary biomaterial
bonded to both sides and designed to facilitate biointe-
gration. The biomaterial is a nondegradable, reticulated
polycarbonate-polyurethane-urea consisting of a 3-di-
mensional, open-cell, macroporous structure that selec-
tively adsorbs plasma and extracellular matrix proteins,
thus paving the way for cells to migrate, proliferate, at-
tach, and regenerate new tissue. For totally extraperito-
neal (TEP) repairs (Figure 2), fibrin glue (Tisseel, Baxter,
Deerfield, IL) was used to fixate the mesh, while titanium
tacks (ProTack, Covidien, Mansfield, MA) were used for
(transabdominal preperitoneal) TAPP procedures (Figure 3).
A Foley catheter was placed in the patients undergoing
the TAPP repair but not in patients undergoing the TEP
repair.

Postoperative data included length of stay, infection, pain,
and functional status. All patients were discharged the
same day and re-evaluated at 2 wk. Outcomes were based
on recurrence rates in the patients who were at least 12
mo out from their repair. Additionally, each patient was
asked to fill out a simple questionnaire to evaluate the
impact of any long-term pain. On the questionnaire, pain
was characterized as either no pain, occasional twinges,
or chronic daily pain that affects activities.

Seven patients were followed up for an average period of
25 mo (range, 18 to 33). Of the remaining patients, the
follow-up period averaged 6 mo (range, 6 to 7).

RESULTS

Fourteen patients with a total of 16 inguinal hernia repairs
were implanted with REVIVE. Of the 14 patients, half were
followed for at least 18 mo, with an average follow-up of
25 mo. The average age of these 7 patients was 59 y, and
the group consisted of 1 female and 6 males. These 7
patients had a total of 8 hernias, all of them indirect in
nature.

Across all 14 patients, there were no (0%) hernia recur-
rences. Using a functional pain scale of no pain, pain with
no limitations on activity, and pain that limits on activity,
only 1 of 14 patients (93% No Pain, 7% Mild Pain) reported
pain with limitations on activity at 6 mo. The one patient
reported occasional pain that, in his words, resolved with
activity and completely resolved at 24 mo. He had under-
gone a totally extraperitoneal repair with fibrin glue fixa-
tion, typical of many synthetics.

Figure 1. Scanning electron microscope image of the Revive
matrix.
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Figure 3. A Transabdominal Preperitonel repair. On the left, the matrix in the preperitoneum. On the right, the repair, reperitonealized.

Figure 2. The Revive matrix in a right inguinal Totally Extraperitoneal repair with fibrin tissue sealant fixation. Clockwise from the
upper left; the Revive matrix, cut to shape, the reduced hernia sac held on the peritoneal side of the matrix repair, application of fibrin
tissue sealant and, the matrix repair in position.
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DISCUSSION

Since the introduction of the Bassini technique, character-
ized as a “tension” repair, numerous surgical methods
have been developed and utilized in the repair of inguinal
hernias. Most notable is the Lichtenstein “tension-free”
open repair involving the placement of a synthetic mesh,
such as a polypropylene, to strengthen the inguinal re-
gion. In the United States, as today’s standard of care for
the treatment of inguinal hernias, the Lichtenstein repair
has resulted in low recurrence rates. However, one aspect
of inguinal hernia surgeries that has not changed is the
rate of chronic pain consistently reported across various
surgical techniques and types of materials used as mesh
reinforcement.7–9 To better understand the role of mesh
and its potential influence on pain, it is important to
understand the evolution of mesh materials and the per-
ceived advantages and disadvantages of the various mesh
materials available today.

For the past 20 y, advanced laparoscopic surgery tech-
niques have been utilized for the repair of hernias, such as
the use of plugs, intraperitoneal onlay patches, and totally
extraperitoneal and transabdominal preperitoneal repairs.
In laparoscopic repairs, surgeons have used polypropyl-
ene meshes and more recently polyester weaves. Initially,
surgeons embraced the use of synthetic meshes that were
heavy and bulky. However, over time, studies of heavy-
weight meshes have shown that these meshes can often
result in the formation of a scar plate rather than produc-
tion of healthy tissue incorporation, which may lead to
more chronic pain.10 Although, synthetic meshes provide
a durable repair at a low cost, the long-term potential for
chronic pain is a significant drawback.

The introduction of biologics has provided surgeons with
a permanent repair for the treatment of inguinal hernias
without leaving a permanent implant. Biologics offer ini-
tial strength to the repair and are equivalent in strength to
a synthetic prosthesis in the early stages of healing, and
over time they are remodeled by the body creating a more
natural healing response that may decrease the risk of
long-term pain. However, the limitations of biologics
make them a less desirable alternative for all inguinal
hernia repairs. The high cost associated with biologics
also makes them a less attractive option. Additionally, the
lack of reliable ingrowth across the entire span of the
matrix results in a failure to develop a permanent structure
and maintain a durable repair, leading to eventration and
in some cases reherniation, known as an inability to
‘bridge’ the defect in large ventral and direct inguinal

hernias. There have, however, been few trials comparing
the benefits of biologics and synthetics in this role.1

Manufacturers have tried to develop newer, more flexible
polypropylene and polyester materials, with the promise
of incorporation rather than encapsulation. The ideal ma-
terial for the repair of inguinal hernias should result in a
low rate of recurrence. Secondly, it should be well toler-
ated, causing little pain or limitation on a patient’s activi-
ties. Lastly, it should be inexpensive. We believe the
REVIVE surgical mesh demonstrates these ideal biomate-
rial attributes, making it a compelling alternative to exist-
ing synthetics and biologic mesh offerings.

REVIVE surgical mesh consists of an open-cell, 3-dimen-
sional, interconnecting macroporous structure designed
to play a role similar to the extracellular matrix. Preclinical
research shows that REVIVE leads to excellent tissue re-
generation and tissue ingrowth into the polycarbonate
polyurethane-urea, as opposed to scarring or encapsula-
tion typically seen with other synthetic alternatives. Its
permanent structure offers the mechanical support of syn-
thetics, while being highly permeable (average 380, Dar-
cy’s permeability constant). This makes it an ideal scaffold
to support predictable organized fibrovascular tissue in-
growth. Further, other studies have shown that at 6 mo
REVIVE demonstrates minimal shrinkage, a demonstrated
trait of synthetics that can result in recurrence and pain.

Early outcomes of laparoscopic inguinal hernia repair
utilizing REVIVE were promising. Despite the small sam-
ple size, we believe the results of this study are a direc-
tional indication of REVIVE’s clinical performance and,
while not a large enough sample for a definitive conclu-
sion, does represent proof of concept justifying further
evaluation. The absence of recurrences indicates its
strength and resilience as a permanent repair similar to
other synthetics. Overall, a favorable outcome was re-
ported for chronic pain with this sample population. At 6
mo, only 1 out of 14 patients (7%) reported pain that
resolved with activity. While the precise incidence of
chronic pain after hernia repair is unknown, select studies
suggests 20% of patients are affected, and an estimated
12% report the intensity of pain impairs some aspects of
their daily activity.12 The low rate of pain reported in this
study calls for broader analysis to study the benefits of
REVIVE and how it could lead to a reduction in pain
following an inguinal hernia repair.

CONCLUSION

These surgical cases provide a proof of concept that a
REVIVE mesh may be utilized on a regular basis, leverag-
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ing the benefits associated with synthetics and biologics
without their inherent drawbacks.
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